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What do we know about COVID transmission ?

The disease COVID is transmitted by the SAR®\2 virus
Practically every case has been transmitted indoors (or in vehicles)

A Respiratory infection (initially)

A Virus in droplets/particles in ai
exhaled air from infected
people

Greater risk in exhaled plum

A Keep your distance 6 ft
(2m) Is reasonable

A Wear a mask reduces how
far particles travel & traps
biggest particles that can
carry the most virus

Short-range
Droplet-borne route airborne route

Tran.smltted by Transmitted by aerosols
Medium or large
droplets

Long-range
airborne route
Transmitted by aerosols

® ® e
fomite route
Ballistic trajectory of

large droplets
@
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e Large droplets (=100 pm) : Fast deposition due to the domination of gravitational force
«  Medium droplets between 5 and 100 um
Small droplets or droplet nuclei, or aerosols (< 5 um): Responsible for airborne transmission

Wei and Li. Airborne spread of infectious agents in the indoor environment. American Journal of Infection Cont

(2016) S105108




What do we know about COVID transmission ?

A Incubation period typically 5
days

A Patients most infectious prior t oropesomerout sorme ot
symptoms o \\ / T e

A Risk is higher with more peopl '
less ventilation/filtration

(
fomite route
Ballistic trajectory of «

large droplets

Outside initial plume is where
b u I | d I n g O p e ratl O n S h ave th e e Large droplets (=100 pm) : Fast deposition due to the domination of gravitational force

m OSt I nﬂ u e n Ce (aSS u m I n g : :r:::r;:od;l(::;ez :f:wmzfrr\\fclaer:,d ofifomsols (< 5 pm): Responsible for airborne transmission
distancing and mask wearing)

Wei and Li. Airborne spread of infectious agents in the indoor environment. American Journal of Infection Cont
(2016) S105108



What dO maSkS do?Filter particles during exhalation (which

AReduce thevelocityof air protects others) and during inhalation (which

Eelleddurmg breathing, protects yourself)
tal mg sneezing, and/or o SR
COug Ing Particle size (.m) 1do 1b io{l

ROELISE £ SR | ANJ 82V Q  intectod,asymptomatic

Maximum
exposure

Minimum
A visualization from NIST illustrates airflow when coughing, but it does not show the movement of virus particles exposure

(Staymates, 2020) “No masking maximizes exposure, whereas universal masking results in the least exposure”
(Prather et al., 2020)



respiratory fluid

/

Particle size

= '

0.1 um

Individual virus not our focus ) .
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A Many more viruses in larger particles © 51 08 il

10 times bigger = 1,000 times the amount of virus' F

A Particles > 0.5 microns are the size of interest: can contain a lot of virus and
commonly expelled by humans
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respiratory fluid

Particle size /

<—>

0.1 um

Size determines:

A How long it is airborne (smaller=longer) 05
A Half life about one hour in air Pl

A Where it deposits in the respiratory system (02100 pmy
(smaller=deeper)

A What filters are effective: MERV 13
recommended, MERV 11 reasonable Linsey Marr, Virginia Tech, April 2020
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Three basic principles:
1. Source control/Isolation

A 1solate infected people (and sensitive people)

A Exhaust from contaminated rooms (supply to rooms for sensitive people)

A Air flow direction: from uncontaminated rooms to contaminated rooms to outside
A Wear masks and keep physical distance

2. Dilution by ventilation

A More ventilation lowers concentrationsreduces amount of virus entering your
body

3. Removal by filtration

A Remove virus from air by filtration and return uncontaminated air to the occupied
spaceg lowers concentrations reduces amount of virus entering your body

V



Ventilation

AOutdoor air dilutes indoor contaminants
AExhausting contaminated air removes contaminants from the building

Al 26 YdzOK AN A& aSy2dzZaKeéK

AAs much as you reasonably can while maintaining comfort and considering
energy implications

AHospital isolation wards: 12 air changes an hpoot needed in all buildings
A At least meet minimum flows: ASHRAE 62.1 and 62.2.

AOpen windows (be careful in multtory buildings and commercial buildings
due to pressure control issues)

AVital to commission & maintain systems



AIr Filtering

AUse central forced air systems with MERV 13
(maybe MERV 11)

AOperate with minimum runtime not just for ,
KSITUAY3IkO22tAYy3dY AT Auda 27F7F
Alf no central system use room air cleaner<*

Almportant to regularly inspect and chanc
filters o

AWhen replacing filters use appropriate P
(an N95 mask and gloves) and put the c
filter in a plastic bag immediately upon
removal.

* Although MERYV 13 is fine almost all have HEPA filters

17



Avalilable guidance

ALots out therec look for trusted sources
AASHRAE
ACDC
A State and local health authorities

- ASHRAE EPIDEMIC TASK FORCE -
AVAILABLE RESOURCES

ASorting good from bad:
AHow does it fit with the basic principles?
Als a proven technology?
Als it certified by a third party?
AAsk questions. E.g., How does this compare to simply upgrading my filters?

18



Some Guidance needs revision?

A Keep systems running longer hours (24/7 if possible)

A Operate systems prand postoccupancy to purge the building

Neither of these are helpful for offices/schools and other space®octpied at all
times.

1. The virudaden particles deposit at about 1/h }7} Only 1 in 10:000 left
/

: : _ after typical unoccupied
2. SAREC0OV2 decays in airborne particles at about 1 time

3. Ventilation at minimum Outdoor Air rates (typical during unoccupied hours) will
significantly reduce virus concentrations duringli2unoccupied hours

. Security and cleaning staff need PPE anyway

4
5. Focus on when you can have the biggest impact

A During occupied hours when there are the most people with a chance of being exposed
A

During occupied hours when there is the greatest chance of having an infected individual in the
building

6. Purging between occupancies (e.d., houses of worship) is a good idea



What aboutU\/?

\ 7
\ 2\

AUV damages DN&prevents replication Piw v

\ luminaire

min. height

ANeeds to be strong enough that you
RSTAY A MErit igshirg) griydu

ABest for highoccupancy highisk
applications or where other measures
cannot be taken

ANeeds engineered solutionno DIY!

A In-duct systems

Ceiling systems integrated with HVAC design to
circulate air to/from ceiling and rest of space

A
A Fan integrated @eicassrans
A Look for certification

HAIKU UV-C



What about ionizers?

AEffectiveness not proven

ARead the fine print often the contaminant reductiotevlesare for very low flow
rates (single digits of cfm) and correspondingly high ion density

ANo third-party certification
ANo standardization of performance
ASome are certified ozonkeee (UL 867 and UL 2998)

AStudies ongoing 1E}




What about Humidity?
Al a1l [ SoHXD



What Is happening in buildingslated
research?

ADeveloping models that may be useful for guidance
Alnvestigating air flow in roomsmixing, etc.
ARefining information on relevant particle sizes
AStudying mask effectiveness

A Optimizing solutions
AWhen is it more cost effective to filter rather than
ventilate?
A What ventilation controls are most effective?

AWhat are the energy impacts of COVID risk reduction
strategies?

AWhen should be just send everyone home?

ATechnology evaluation

A Laboratory and field testing of new technologies for air
cleaning, virus detection, etc.



